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1. Title of the Invention
25 METHOD FOR CUTTING TRANSPARENT MATERIAL
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(1)A method for cutting a transparent material, wherein
irradiation with a high energy beam which 1is unabsorbable
to the transparent material is performed by bringing the
high energy beam to a focal point in an inner portion of
the transparent material.

(2) The method for cutting the transparent material
according to claim 1, wherein the focal point of the high
energy beam is set on a lower side of the transparent
material, and subsequently, the focal point is shifted
upward.

(3) The method for cutting the transparent material
according to any one of claims 1 and 2, wherein the
transparent material is a quartz glass.

(4) The method for cutting the transparent material
accordingtoanyoneofcﬂaims11x>3,whereinthehighenergy
beam is an excimer laser.

3. Detailed Description of the Invention

'[Field of Industrial Application]

The present invention relates to a method for cutting
various transparent materials such as a guartz glass.

(Prior Art]

Conventionally, for a method to cut various
transparentnmterialssuchasaaquartzglass,straight—line
cutting and cylindrical cutting have been performed.
.Those types of cutting are conducted by use of a cutting

machine for straight-lines, such as a band saw and an ID
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blade, and use of a processing machine for circular shapes,
such as a core drill and a cylindrical grinding machine,
respectively.

Furthermore, a laser processing machine and the like
which employ a carbon dioxide laser are used for cutting
other indeterminate shapes.

(Problems to be Solved by the Invention]

The band saw, ID blade, and the 1like of the
conventional cutting machine have been used for only
straight-line cutting. The proceséing machine for
circular shape, such as the core drill and the cylindrical
grinding machine, has been used for onlyvcylindrical
cutting. Thus, those could not have been used for
complicated.processiné. In a laser cutting machine which
utilizes the carbon dioxide laser, since a wavelength of
the carbon dioxide laser does not penetrate a glass, the
carbon dioxide laser beam is collected on a surface of a
material, thereby fusing from the surface. However, in
this case, as the fusion progresses intoc an inner portion,
pits on the fusion surface block the laser beam. Therefore,
there is a limitation on thickness of which the fusion is
enabled to process. Thickness of approximately 10 mm is
the maximum in practice.

It is an object of the present invention to cut a
tfansparent material such as a quartz glass 1into a

complicated shape. It is another object of the present
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invention to enable any types of cutting, even for a thick
plate, without being affected by the thickness of a target
processing material.

[Means for Solving the Problems]

5 Thereupon, the present invention irradiates with thé
high energy beam which is unabsorbable to the transparent
material such as a quartz glass by bringing the high energy
beam to fhe focal point in the inner portion of the
transparent material and causes an infinitesimal crack in

10 the inner portion of the transparent material to cut the
transparent material.

For example, an inorganic glass such as an optical
glass and a quartz glass, and a transparent resin such as
an acrylic resin are enumerated for the traﬁsparent

15 material.

An excimer laser such as XeF {351 nm), XeCl (308 nm),
KrF (248 nm), and ArF (1923 nm), a YAG laser and a higher
harmonic wave thereof are enumerated for the high energy
beamn.

20 It is necessary to select an appropriate high energy
beam in accordance with the absorption properties of the
transparent materials with respect to the high energy beam.

The high energy beam becomes more efficient with a
high repetition frequency of equal to/more than 100 Hz.

25 As for the shift in the‘focal point, a position of

the focal point may be optically moved, or a work may be
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moved. Thus, it is possible to select a more suitable
method as appropriate.

The focal point is set in a lower side of the work
at first, and it is effective to shift the focal point upward
thereafter. It is because operating efficiency would be
decreased if the focal point were set in the upper side of
the work and a cut portion partially cut off the high energy
beam.

It is preferablé to concentrate the high energy beam
on the focus position by polishing a surface which the beam
passes through to prevent the beam to scatter on the
surface.

[Operation]

The focal point of the high energy beam which is
unabsorbable to the transparent material is set in the inner
portion of the transparent material by use of the optical
system composed of a lens, a mirror and the 1like.
Subsequently, the inner portion of the transparent material
is irradiated with the high energy beam. Thereupon, an
infinitesimal crack of equal to/less than some 10 microns
occurs in a spot which has been irradiated with the high
energy beam. The transparent material is cut by moving an
irradiation spot of the high energy beam and causing
sequential cracks in the transpafent material.

Occurrence of the crack is further detailed below.

In a solid material, energy levels of wvalence
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electrons have a zonal, in other words, a band structure.
A photon having a photon energy equal to/lower than to a
band gap, in other words, light having a longer wavelength
is not absorbed in an insulator.

5 However, even for light having lower energy than the
band gap, if photon density is extremely increased by
collecting light with a lens and the like and two or more
photons are absorbed simultaneously, electrons are excited
from a full band (an energy band having lower energy than

10 an energy gap) to a conduction band (an energy band having
higher energy than the energy gap, in which electrons do
not exist in a normal state).

Thus, absorbing two photons simultaneously is termed

two-photon absorption. Furthermore, absorbing a
15 plurality of photons is generally called multiphoton
absorption.

In the présent invention, by utilizing the
multiphoton absorption, the transparent material 1is
rendered to absorb light having a lower energy than the band

20 gap and the wavelength in which absorption does not occur

| inherently. Consequently, bonds of the transparent

material are broken. Alternatively, the infinitesimal

crack is occurred in the inner portion of the transparent
material by utilizing heat.

25 In a quartz glass, this band gap is approximately ©

eV (140 nm) . As long as there areno impurities or defective
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structure in the quartz glass, energy lower than that of
a band gap, in other words, 1light having the longer
wavelength is not usually absorbed.

Herein, wavelengths of excimer lasers -and photon

S energies thereof are shown below.
Type Wavelength (nm)} Photon Energy{eV) Number of Photons Required for Excitation
| Arf 193 6.4 2
i) KcF 248 5.0 2
XeCl 308 4.0 3
XeF 351 3.5 3

Accordingly, the wavelengths of all the excimer

lasers are longer than 140 nm, and thus absorption 1is

10 usually not supposed to occur. However, the previously
described multiphoton absorption causes absoiption,

thereby causing bond dissociation or exothermic reaction.

) Therefore, the infinitesimal crack occurs in the inner
portion.
15 The number of photons required for exciting valence

electrons from the full band to the conduction band is the
required number for exceeding a bandgap of 9 eV in the quartz
glass. ‘

(Embodiment]

20 Next, the present invention is further detailed with

reference to an embodiment.
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Embodiment 1

For a transparent material, a synthesized quartz
glass (contains 1300 ppm of OH) having a dimension of
150x150x150 mm was used. For a high energy beam, an
excimer laser (KrF; 248 nm; energy density: 50mj/cm? pulse;
repetition frequency: 150Hz) employing an unstable
resonator was used. Light was collected by a lens having
a focal length of 500 mm and reflected by a mirror. A focal
point of the excimer laser was set in an inner portion of
the thick synthesized quartz glass, which was a work having

the upper surface thereof polished in advance.

Irradiation with the excimer laser was performed from above

the upper surface of the work first. Aposition of the focal
point was shifted upward from a bottom surface of the work
at a rotation speed of 3 mm/min as the work was rotated at
a rotation speed of 3 r.p.m. As a result, a cylindrical
hole with a diameter of 30 mm was made.

At this time, the bosition of the focal point of the
beam of the excimer lasef, which was located in a
perpendicular direction in the inner portion of the work,
was shifted by moving a position of the lens.

In addition, a shift of the position of the focal
position in the inner portion of the work in a horizontal
direction is performgd by moving the Qork-itself in a

horiZontai direction.
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The position of the focal point is shifted upward from
the bottom surface of the work when cutting.

[Effects of the Invention]

Having thus explained, the focal point is set in the
inner ©portion of the transparent material. The
transparent material is irradiated with the high energy
beam which is unabsorbable to the transparent material.
For example, when a quartz glass is irradiated with the
éxcimer laser, the infinitesimal crack occurs in the inner
portion of the transparent material. Continuation of such
process enables the transparent material to be cut into a
complicated shape.

Since the focal point is set in the inner portion of
the work, the transparent material can be cut into any
shapes without being affected by thickness of the work.

By having the shift of the focal point programmed into
a computer, it may be said that there will be no limitation
on the shape of the transparent material, such as cone shape
or a peer shape.

4. Brief Description of the Drawing

Fig.1l is a schematicdiagramof the present invention.
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